The Eastern Townships (ETR) is a region in Québec (Canada) where the soil is naturally rich in arsenic (As). About a third of the people in the ETR obtain their water from a private well. A quasi-experimental design was used to compare two campaigns designed to promote As screening in well water: a mass-media campaign (MMC) followed or not by a community-based intervention (CBI). The MMC is based on a press release issued for the ETR, along with a leaflet on As made available on the Internet, and in strategic places. The CBI, formulated according to the factors of the Precede-Proceed model, was aimed at mobilizing local authorities and small media. It targets only one municipality; the intervention community (IC). Using a separate pre-post samples design, two population-based crosssectional ( pre-CBI and post-CBI) surveys were conducted by phone at 6-month intervals, by means of random samples. The samples counted, for the IC and the ETR, respectively, 87 and 156 well owners in pre-CBI, and 106 and 190 in post-CBI. The results in post-CBI showed that the proportion of well owners who had their water test increased by four times in the IC after (16% p ¼ 0.004). When adjusting for age and gender among all the post-CBI respondents, As screening is related with intervention status (exposed to MMC and CBI; p 0.001) and on previous microbiological water analysis behavior ( p 0.05), but is not related to knowledge. This study demonstrates the superiority of a community-based campaign over a MMC when environmental health is concerned.
INTRODUCTION
Inorganic arsenic (As) is a metalloid that naturally occurs in water. From 1983 From to 1987 From , 2919 wells sampled in the Eastern Townships region (ETR) (Qué bec, Canada) were analyzed for which almost 4% revealed an As concentration above 10 mg/l (Ministè re des Ressources Naturelles et de la Faune, 2003 Faune, -2005 , the maximum acceptable concentration recommended in Canada (Health Canada, 2006) . Indeed, epidemiological studies maintain that the long-term ingestion of water containing relatively high As concentrations may lead to skin, lung and bladder cancers (IARC, 1987; National Research Council (U.S. NRC), 1999 . Except for analyses carried out when new wells are being installed, private wells are not subjected to the sampling and analysis obligations that are required by the Qué bec's government for water distribution networks (Gouvernement du Qué bec, 2008) . In this context, it is up to the owners to decide whether to carry out screening for their drinking water if Health Promotion International, Vol. 26 No. 4 doi:10.1093/heapro/dar013 they want to avoid being exposed to the excessive risks associated with this contaminant.
To reach people and to support them in their decision-making process, health promotion strategies should be considered. Unfortunately, publications on the effectiveness of environmental health promotion strategies are relatively rare, even for those involving communications activities. In the case of As in wells, many researchers (Hanchett et al., 2002; Caldwell et al., 2003; Hadi, 2003; Opar et al., 2007) had evaluated a public education program in Bangladesh. Their results could not be easily generalized for western countries that have a long-term As exposure without any immediate health repercussion and also have a different socioeconomic situation.
In general, the effects of education and communication activities aimed at behavioral changes in health issues are fairly controversial and too often, the effects reported in studies remain limited, even in the short term. Nonetheless, there is a large amount of health behavior change reported in important areas such as smoking, cholesterol consumption and condom use (Hornik, 2002) . According to a meta-analysis of 48 community-wide massmedia campaigns (MMCs), the average shortterm effect size could be translated into 9% more people performing the targeted behavior after the campaign than before (Snyder and Hamilton, 2002) .
Exposure to media campaigns is not a sufficient condition for modifying or leading to the adoption of a behavior in the target population (Snyder and Hamilton, 2002) . To be effective, a campaign must be able to activate a complex process of change at the social and environmental levels by combining several intervention strategies (e.g. mass media, small media, access barrier reduction) that is not limited to individual interventions and to knowledge transfer (Hornik, 2002; Merzel and D'Afflitti, 2003; Pasick et al., 2004) . These campaigns must then consider social norms and the involvement of the community and local actors. However, because it is difficult to determine which campaign elements or strategies will successfully modify a particular behavior (Lyons and Langille, 2000; Hornik, 2002) , Campbell (Campbell et al., 2000) stated that complex interventions should be based on a relevant theory or planning model to ensure best choice of intervention and hypothesis.
Our study evaluates and compares, as a main purpose, the effectiveness of two campaigns in terms of information exposure, knowledge acquisition and health behavior change. The first, a MMC, covered the entire ETR while the second, a community-based intervention (CBI), focused on a municipality of this region (intervention community; IC) having had previous exposure to the first campaign. The CBI was formulated according to the factors of the Precede-Proceed planning model (Green and Kreuter, 1999) which include predisposing factors (motivating behavior), enabling factors (facilitating behavior) and reinforcing factors ( providing feedback) of health behaviors. The CBI comprised the mobilization of local authorities, and was based on small media materials (e.g. leaflet and mailed information sheet). As a secondary purpose, our study explores the relationships between the various factors of the model and health behaviors.
METHOD Design
A quasi-experimental design ( pre/post intervention with a comparison group) was used to evaluate and compare the difference between two groups on health behavior and its determining factors. The prefixes pre/post refer to the periods before and after the CBI (Table 1) . MMC, Mass-media campaign; CBI, community-based intervention.
Interventions: promotion campaigns for arsenic screening The Eastern Townships Public Health Department (ETPHD) launched two separate promotion campaigns. Both campaigns had the objective to induce well owners to screen their well water for As and, in the event of high level, carry out the mitigation behaviors needed to reduce exposure to this contaminant.
Mass-media campaign
The MMC was mainly based on providing media visibility. A press release throughout the entire ETR was followed by television interviews and newspaper articles. An As leaflet was also prepared and sent to accredited laboratories in the region and was made available on the ETPHD website (Direction de la santé publique de l'Estrie, 2005). The main MMC activities took place in July 2005 and ended before the CBI started (Table 1) .
Community-based interventions
The CBI was carried out in a municipality in the ETR; the IC. The CBI activities were especially aimed at working with the city manager and small media ( Table 2 ). The ETPHD mailed out 1200 specific As information sheets to all targeted well owners (1a).
To ensure proper understanding, the As information sheet was previously validated by interviewing 10 citizens chosen at random in a restaurant of the IC. To intensify intervention, a reminder note to recall the importance of well water analysis was added to the annual bulletin sent out by the municipality with the tax statement (1b). To ensure better continuity, it was agreed that a general leaflet on well water quality would be included with the property transfer statement sent out to new property buyers within the IC territory (1c). An information letter was developed according to a survey on knowledge and information needs of health professionals (doctors, nurses and social workers) of the region. This information letter was then sent, with the As leaflet, to health professionals of the IC and of the closest health center located in the neighboring town (town not included in any one of the study groups) (2a). Moreover, when asking for a microbiological analysis, well owners were offered an As analysis at a special price by the environmental analysis laboratory in the IC and received also the As leaflet (2b and 3a). The main CBI activities took place from January to April 2006 (Table 1) .
Data collection and instruments
Using a separate pre-post samples design in order to limit testing effects, two populationbased cross-sectional surveys were conducted by phone from 21 November to 9 December 2005 ( pre-CBI) and from 26 April to 19 May 2006 ( post-CBI), by a trained interviewer. Data on study outcomes, covariates and sociodemographic characteristics were gathered with a questionnaire of 33 questions (including sub-questions) designed for the study. Face validity and comprehension were assessed with eight well owners in the region that had already phoned the ETPHD regarding water's microbiological quality. The questions were mostly closed but some were semi-open with previously established categories, thus avoiding any suggested answers that might influence the response.
The main study outcomes included information exposure (1 yes/no question), knowledge about the health effect and origin of As (2 questions) as well as As screening (1 yes/no (1) Direct communications to the target population to strengthen the predisposing factors a. Information sheets on As mailed out to well owners b. Reminder note added to the municipality annual bulletin sent out to well owners c. General leaflet on well water quality given to new property buyers (2) Indirect communications through health professionals and laboratory staffs to strengthen the reinforcing factors a. Information letter with the As leaflet sent to health professionals b. As leaflet hand to well owners who present themselves to the environmental analysis laboratory in the IC a (3) Community organization to strengthen the enabling factors a. As analysis special price offered by the environmental analysis laboratory in the IC a Intervention that was also part of the MMC.
Effectiveness of arsenic screening promotion in private wells 467 question) and mitigation behaviors (1 yes/no question). Sub-questions included sources of information (2 questions) and others questions about As screening (3 questions) and mitigation behaviors (11 questions). In absence of water analysis, the mitigation behaviors questions were asked in the context of hypothetical contamination situation. Among information sources, knowing acquaintances having already had their water analyzed for As was used to estimate one of the reinforcing factors. We selected a few covariates covering well types, microbiological analysis history and certain elements (7 questions) that might influence screening motivation, such as risk perception, the number of people concerned and the presence of children in the household (Canter et al., 1992 (Canter et al., -1993 Dé bia and Zayed, 2003) , or other elements linked to the individual risk, such as tobacco use, which increases the risk of bladder cancer (Bates et al., 1995) and lung cancer (Tsuda et al., 1995; Ferreccio et al., 2000) . Respondents' sociodemographic characteristics were gender, age, education level and family income (four questions). A question on their town of residence was used to include the respondent in an intervention or comparison group (one question).
Study population
The study's population included all private well owners in the target region (Eastern Townships, Québec, Canada) where about 30% of its 300 400 inhabitants obtained their drinking water from some 20 900 private wells (Ministère du Développement durable, Environnement et Parcs Québec, 2001). The IC was selected because of its location in the townships having the highest concentration of As and because of its proportion of citizens obtaining their water from a private well (45% of the 4400 inhabitants).
Sampling and recruiting
With the help of a sampling firm (Echantillonneur Canada), two independent samples were randomly taken in the IC ( pre-CBI and post-CBI) based on citizens' phone numbers and excluding those residing in town centers (the latter being served by a municipal water distribution system). The post-CBI sampling strategy had to be changed in order to increase the sample size and to trim the number of residents from neighboring municipalities not being targeted by the study. For the comparison group, two independent samples were also randomly taken in the ETR municipalities where less than 15% of the population was supplied by a municipal network in order to reduce the unnecessary phone calls. Phone numbers used in the first samplings were excluded from the second ones. The eligibility criteria required that respondents be over 18 years, owned a private water source supplying no more than 20 people (minimum network size covered by regulatory requirements) and be able to consent to answer the questionnaire.
The targeted sample sizes, 160 respondents for the two IC samples and 200 respondents for those in the ETR, were calculated (80% power, p 0.05) according to the following research hypotheses. First, the As screening percentage before the MMC campaign was almost zero (0%) (hypothesis not tested in this research). Second, the MMC would have the same efficiency (3%) as that estimated following a microbiological well water screening program launched in 2002 in the same region (Ministè re du Dé veloppement durable, Environnement et Parcs Qué bec, 2004), after a gastroenteritis epidemic outbreak caused by Escherichia coli O157:H7 that took place in Walkerton, Ontario (Canada) and which led to seven deaths (Liu et al., 2007) . Third, the CBI would attain a screening rate greater than 9% (average effects size reported by Snyder and Hamilton, 2002) .
Data analysis
Both bivariate and multivariate approaches were used to compare the two samples in pre-CBI and in post-CBI and to analyse the progress of each group. For the study's main purpose, the difference between CBI þ MMC interventions and MMC-only interventions were tested with a significance level of 0.05 using Chi-square tests or Fisher's exact tests. For the secondary purpose, association (odds ratio; OR) between categorical variables (depending on the planning model) was also tested in post-CBI for each group with a significance level of 0.05 using Chi-square tests or Fisher's exact tests.
In addition, a multiple logistic regression analysis was performed to relate As screening to multiple determinants, adjusting for confounding factors with a 95% confidence interval (CI). A new variable was created 'intervention status' and all the data ( pre-CBI and post-CBI) were pulled together and reclassified according to three categorical levels: (1) non exposed (no to the question on information exposure in preand post-CBI), (2) exposed to MMC (yes to the question on information exposure in pre-CBI in both IC and ETR and in post-CBI only for the ETR) and (3) exposed to both MMC and CBI (In the IC, yes to the question on information exposure in post-CBI). The dependent variable used was the dichotomous variable As screening. Only independent variables significantly associated ( p 0.2) with the dependent variable in bivariate analysis were entered into the model (stepwise process): intervention status, type of well, knowledge of health effect and origin of As, past history of microbiological analysis, covariates and demographic characteristics. Multicollinearity was tested for each independent variable by calculating the variance inflation factor (VIF) which was approximately equal to one. Therefore, there is no significant correlation among the independent variables included in our model.
The data were collected directly in Microsoft Office ACCESS and then compiled and processed using the SPSS 14.0 (Statistical Package for Social Sciences) and Cytel Studio 7 software.
Ethics
The protocol was approved by the Human Research Ethics Committee at the Centre Hospitalier Universitaire de Sherbrooke (CHUS) and the Faculty of Medicine and Health Sciences at the Université de Sherbrooke. The informed consent from respondents was obtained by phone, before the administration of the questionnaire.
RESULTS

Respondent profile
The response rate was 38.1% on average for all four samples. Sample size was 87 (186 calls) and 106 (347 calls) for the IC. In the ETR, it was 156 (393 calls) and 190 (539 calls). Table 3 shows that, for the four samples, most respondents are in those categories: aged 45-64 years (49-60%), family income from CDN $20 000 to 59 999 per year (47-58%) and graduated from high school or college/vocational (68 -76%).
Half the households contained two people and about 25% had at least one child under 18 among whom 10% were under 5 years of age. The proportion of smokers was about 30%. Significant differences were observed between samples for the gender and age variables (Table 3) . First, in pre-CBI, the IC respondents were predominantly male (61%), compared with those from the ETR (47%, p ¼ 0.031) or even to those from the post-CBI in the IC (39%, p ¼ 0.002). In the ETR, the age strata distribution between the two data collections ( p ¼ 0.042) was different (Table 3) .
Information exposure
The proportion of well owners saying they had been exposed to information on As is similar in pre-CBI in both samples. As this proportion stay the same in the ETR (16%), it increased to 65% in the IC (p 0.001) in post-CBI. Of these, 68% (47/69) remembered having received the mailed information sheet (i.e. about 45% of the entire sample) while 12% said they had been advised by an environmental analysis laboratory and 1% by a health representative (Table 4) . Television was the most frequent source of information mentioned by respondents in the ETR, followed by daily newspapers and acquaintances, while in the IC these sources of information were reported by very few well owners (Table 4 ). In post-CBI, family income was a factor that influenced access to information in the IC (p ¼ 0.037).
Arsenic knowledge
Few well owners knew the carcinogenic effect of As (Table 5) ; no improvement was revealed in the IC after the CBI. The results showed that there is a statistically significant difference in post-CBI between the two communities. No differences could be observed between the two groups with respect to their knowledge of the origin of As (Table 5 ). In the IC, a high level of education did influence the respondent's knowledge about the natural origin of As ( p ¼ 0.025), while the carcinogenic effect of As was more often reported by women ( p ¼ 0.023) and those living with children ( p ¼ 0.002).
Health behavior change
In the IC, the proportion of well owners having proceeded with As screening for their well water Effectiveness of arsenic screening promotion in private wells 469 after the CBI was nearly four times greater (16%) than before the CBI (4%, p ¼ 0.004) and three times greater than for the entire region (6%, p ¼ 0.015). In this group, no sociodemographic variable influenced this behavior.
Relations between concepts
Among all the variables entered into the multivariate logistic regression model, past history of microbiological analysis [OR ¼ 5.25 95% CI (1.56, 17.67)] appeared to be related to As screening when adjusting for age and gender (Table 6 ). Also, we observed that well owners that were exposed to both MMC and CBI were almost five times more likely to proceed with As screening than the non-exposed respondents when adjusting for age and gender ( p 0.001; Table 6 ). In regards to screening for As, there was no difference between being non-exposed to information or exposed to MMC only (Table 6 ). In post-CBI, bivariate analysis (Figure 1 ) also demonstrated that in each group, information exposure is related to screening water for As. Contrary to the results of the multivariate analysis, As screening is not related to past history of microbiological analysis but seems to be related to an acquaintance who had proceeded with screening their well water for As (only in the ETR) and to knowledge about the natural origin of As (only in the IC).
Moreover, screening is not linked to knowledge about the carcinogenic effect of As. Indeed, a higher level of knowledge about the carcinogenic effect among respondents exposed Effectiveness of arsenic screening promotion in private wells 471 to the information (Figure 1 ) had no influence on screening in the IC ( p ¼ 1.000), as in the ETR ( p ¼ 0.124). In the ETR, knowledge of the natural origin of As is greater among respondents who said they were informed (Figure 1 ) but is not related to the screening of As ( p ¼ 0.293). Among those respondents having carried out As screening, very few had detected As concentrations above 10 mg/l. However, when placed in the hypothetical contamination situation, the majority (between 69 and 86%) responded they would implement corrective measures (mitigation behavior) (Figure 1 ).
DISCUSSION
These results support studies stipulating that campaigns combining small media with an intervention strategy involving local authorities are more effective in changing behaviors than MMC used alone. In the IC, compared to before the CBI, the proportion of private well owners who were exposed to information about As and who proceed with screening significantly increased after the CBI.
The synergistic presence of the two campaigns in this municipality resulted in a 16% screening rate, which appeared better than the average effect size of 9% suggested by past research (Snyder and Hamilton, 2002) . The difference may be explained by greater exposure to information, estimated at 65% in the IC compared to 36% for those campaigns analyzed by Snyder and Hamilton (Snyder and Hamilton, 2002) . Moreover, people exposed to information about the presence of As in well water were four to five times more likely to proceed with As screening than those not exposed (bivariate analysis). As shown by the results of the multivariate logistic regression, information exposition was an important factor and the type of campaign or the kind of communication tools did also influence directly decision-making.
In the IC, the mailed information sheet was the main source of information mentioned by the well owners contrary to mass media (television and daily newspapers) in the ETR. As more people were exposed to information in the IC, focused communication tools seem to have a notable effect. Because communication tools, such as those used here, are most effective when used to support verbal intervention (Ruben, 1984) , the CBI involves health and local authorities. In fact, the second most frequent source of information mentioned was the IC analysis laboratory. The As leaflet distribution and direct contact with well owners who came to obtain a microbiological analysis probably increased information accessibility and triggered the decision-making process. Our finding did not show any health professionals involvement. The apparent lack of input from health professionals on the results obtained by the CBI could probably be explained by the short period between the two data collections, deliberately chosen to avoid any events taking place during the study that might influence the screening rate.
It is known that previous experience with the behavior (or very similar behavior) usually predicts whether the individual would engage in the behavior of interest (Triandis, 1980; Severtson et al., 2006) . Indeed, the multivariate analysis results show that people who are aware of problems related to drinking water (microbiological analysis) are more likely to adopt the behavior induced by receiving new information.
Bivariate analysis show that, in the ETR, the decision to proceed with the As screening was up to 11 times more likely among well owners who said they knew acquaintances who had already proceeded with As testing. Social norm, defined as an individual's perception of whether people important to him think the behavior should be performed, is viewed as a major determinant of the intention to perform the behavior (Fishbein and Ajzen, 1975) . In the IC, maybe the time between the intervention and data collection in post-CBI was too short to observe the contribution made by these actors. Overall, this independent variable seems to have no effect on As screening (multivariate analysis) but apparent effect could be muted by other variables in the regression model that have more effect on As screening.
Moreover, the campaigns launched within this study had little impact on knowledge like the carcinogenic effects of As. These results are comparable with those found in the literature regarding knowledge associated with other types of behavior following promotion campaigns involving mass media (from 1% for substance abuse to 11% for family planning; Snyder, 2007) . Nonetheless, well owners who were exposed to information on As had more knowledge about the carcinogenic effect of As, regardless of the origins of the latter, than those who reported not receiving this information. However, this knowledge did not influence their decision to screen.
In summary, the CBI's additional value in terms of information exposure might be due to more focused communication tools and established partnerships. The screening rate attained (16%) may nonetheless be considered suboptimal from the perspective of reducing average exposure among well owners to As and its associated cancer risks. In a well test program initiated in Wisconsin (USA) to encourage As screening, only one-third of town residents were tested through this program despite the fact that the town government organized the collection of well water samples and contracted with private laboratories for a reduced testing fee paid by residents (Severtson et al., 2006) . Given that coercive campaigns have more impact than persuasive campaigns (Snyder and Hamilton, 2002) , application of control measures, such as mandatory water analysis whenever a house supplied by individual wells is sold, may be worth considering.
Screening would certainly be useless if high As concentrations did not lead to corrective measures. In the hypothetical contamination situation, the well owners mostly responded (between 69 and 86%) that they would implement corrective measures, which is a proportion much closer to the 50% found in real situations (Severtson et al., 2006) . Financial barriers may be the main reason for non-implementation.
Like radon problem, arsenic in well water is naturally present in the environment and emphases on individual responsibility and personal control. The results of this study and some others on radon problem (Golding et al., 1992) suggest the difficulty to get the population to engage in relatively simple behaviors to protect health. According to Golding (Golding et al., 1992) , risk communication must then be sensitive to social and cultural contexts.
Study's strengths and limitations First, this study includes a campaign that was based on a planning model. The results led to a better understanding, on a population basis, of health behavior determinants. Secondly, because the questionnaire includes a question on how well owners heard about As and from whom, hypotheses were made on the components of the campaign that appeared more effective. Finally, the design used for this study was chosen to reduce sample bias linked to mortality, maturation and especially testing or learning (Shadish et al., 2002) .
On the other side, sample sizes were smaller than originally planned due to the small response rate. However, it did not compromise the statistical power of the main outcome, given Effectiveness of arsenic screening promotion in private wells 473 the significant changes observed in terms of screening. We controlled, in the multivariate analysis, the bias introduced by modifying the sampling strategy in the IC, adjusting for gender and age. However, because we do not know the profile of the non-respondents, our samples may not be representative of well owners of the region. Also, our questionnaire was not tested for validity and reliability.
Considerations for the future A theoretical framework could be useful to have a better understanding of the relation between variables such as between knowledge and As screening. Given the complexity of the behavioral change process, certain important predisposing factors could be measured in future studies. Those predisposing factors, such as attitude, beliefs, risk perception and emotion regarding behavior, are supported by other models like the Theory of Reasoned Action (Fishbein and Ajzen, 1975) and the Health Belief model (Rosenstock, 1966) . As an example, given the natural origin of As, tolerance to its risks may influence screening (Canter et al., 1992 (Canter et al., -1993 Goldberg, 1992) . In this same vein, emotions play an important role in representing how individuals handle problems (Severtson et al., 2006) . This study's intervention consists of an alliance with health and local authorities for the promotion of environmental health in regard with As screening and mitigation efforts. Economic considerations associated with As screening (e.g. cost of analysis and processing system, property value loss) and strategies to enhance citizen participation in the intervention should be included in a future study. Also, in agreement with Golding et al. (1992) , further research on the role of sociological and cultural factors in the public perception and response to risk is needed.
CONCLUSIONS
This study is a reminder that MMCs can be subeffective when they serve as the only means of reaching people and bringing about changes in their behavior. Meanwhile, when combined with more personalized interventions that take behavioral determinants and local actor involvement into account, the campaigns might potentially provoke behavioral changes for which control depends on the individual. This study also demonstrates that individual health decisions need to be supported by enabling and reinforcing factors to help well owners to take action for their own health.
The results of this study converge to support that information exposure is a determining variable that acts directly in health behavior adoption and that focused communication tools seem more effective. This behavior cannot, however, be attributed to a single factor but rather to the activation of a behavioral change process, not only by individuals but also at the environmental and the context levels in which decisions are being made. This study demonstrates a promising example of environmental health promotion intervention that can take advantage of the synergy between environmental health and health promotion disciplines.
